I. Introduction
===============

Peritoneal carcinomatosis is a prominent theme in oncology today in view of its incidence, with approximately 46,000 new cases annually in the U.S. and 17,700 in Brazil. Its high mordibity and mortality has made it necessary to investigate new forms of treatment, including the systemic and intrarperitoneal use of plant derivatives [@B1]-[@B3].

The Plectranthus genus comprises approximately 300 species occurring in Asia, Africa and Australia, while the amboinicus species is native to Asia, but is also found in the Americas [@B4]. It is popularly known in Brazil as \"thick mint leaf \". Pharmacological studies have demonstrated antioxidant and cytotoxic properties in this plant [@B5]-[@B7].

Its leaves contain essential oils, flavonoids, cinaminics and terpene derivatives, all of which have antineoplastic properties.

The empirical use of Plectranthus amboinicus in Brazil occurs in several areas, especially in the northeast region in the form of infusion with crude extract for the treatment of various disorders such as inflammations and tumors.

In order to provide scientific support to these observations an *in vivo*study was conducted using hydroalcoholic extract from the leaves of the Plectranthus amboinicus (HEPa) used intraperitoneally in the treatment of the solid form of Ehrlich carcinoma cells implanted into the subcutaneous tissue of mice [@B8].

The doses of 100 mg / kg and 150 mg / kg of HEPa resulted in decreases of 74% and 61%, respectively, in the size of the tumors.

This present study evaluates the intraperitoneal use of aqueous extracts of Plectranthus amboinicus (AEPa) at a dose of 200 mg / kg, intraperitoneally, for the treatment of the ascitic form of Ehrlich carcinoma. A comparative evaluation was made of the two groups of mice and the clinical data and biometric, cytometric and cytomorphological parameters recorded.

II. Materials and methods
=========================

2.1. Plant material and extract {#Section2.1}
-------------------------------

Plectranthus amboinicus (Pa) leaves from the herbarium of the Laboratory of Pharmaceutical Technology, Federal University of Paraiba were collected and identified, a sample of which was deposited at the herbarium of the Pernambuco Agricultural Research Institute-IPA. Maceration of the leaves was conducted *in natura* using a dilution with saline to yield the crude aqueous extract (AEPa). A solution of .AEPa was obtained and stored in refrigeration of 4 degrees C.

2.2. Animals {#Section2.2}
------------

The animals used were female mice of the Swiss albino species (Mus musculus) with a mean weight of 30 g and aged approximately 60 days. The animals were kept in a vivarium at the Department of Antibiotics UFPE, packed in plastic box-type cages with grids measuring 20 cm (width) x 30 cm (length) x 12 cm (height), on a shelf in a horizontal position and floor lined with pine shavings. Conventional sanitary cleaning of the cages and a change of shavings were carried out every three days.

The cages were kept in a cool environment at a mean temperature of 22 + / - 2 ° C in relative humidity and a light-dark cycle. The animals were fed industrialized food for rodents (Labina ®) and water ad libitum. Six animals were assigned to the experimental group G1 (G1A to G1F) and the other six to the control group G2 (G2A to G2F).

On the first day (D1) of the experiment the animals in both the treated (G1) and control groups (G2) were injected 2,500,000 tumor cells with 0.3 ml of ascitic fluid of Ehrlich carcinoma. On D3 a clinical evaluation was performed, consisting of measurement of the weight, assessment of mobility and piloerection. Daily abdominal measurements were also made. From D3 to D9 a 200 mg / kg dose of AEPa and an 0.5 ml dose of saline were injected intraperitoneally in G1 and G2, respectively.

On the ninth day of the experiment (D9) the animals were euthanized and an evaluation made of the ascites and presence of implants in the abdominal wall. Cytometric analysis was performed with a total leukocyte and Ehrlich carcinoma cell count and cytology using the Pap modified technique to compare the two groups.

The experiment was carried out in accordance with the ethical principles of the Brazilian College of Animal Experimentation and the National Institute of Health Guide for Care and Use of Laboratory Animals. The study was approved by the UFPE Committee on Animal Experimentation (protocol \# 23076.043890/2011-27).

III. Statistical analysis
=========================

Owing to the small number of observations, Fisher\'s Exact test was used to compare the qualitative variables in the two groups. The nonparametric Mann-Whitney test was used to compare the quantitative variables. To verify changes in weight in each group the Wilcoxon test was carried out. We chose to use only nonparametric methods because of the small size of the sample. The significance level was 5%. Statistical calculations were performed with SPSS for Windows version 18.0.

IV. Results
===========

In relation to the weight of the animals, it was observed that over the 9 days there was stabilization of weight in G1 and an increase in G2, which was statistically significant (p = 0.027). This may indicate a greater increase in ascites in the untreated group (G2) (Fig. [1](#F1){ref-type="fig"}-[2](#F2){ref-type="fig"}).

There were no significant changes in mobility in either group. In G1 piloerection was observed in all animals from D4, which may be interpreted as being due to the toxicity of the components of the AEPa.

In Table [I](#TI){ref-type="table"}, when the groups are compared with respect to the volume of ascites, there is a statistically significant difference: 2.58 ml in G1 and 12.97 ml in G2 (p = 0.002).

Implants in the abdominal wall were found in 66.7% of the G2 animals, but were not present in any of the G1 ones. This characterizes the tendency of AEPa to influence such an occurrence.

As regards the number of Ehrlich carcinoma cells counted in both groups, a statistically significant lower percentage was observed in GI, which is indicative of an objective aspect of tumor response to AEPa (p = 0.004) (Fig. [3](#F3){ref-type="fig"}).

No differences were noted between the groups in relation to the following: increased nuclear volume, hyperchromasia, abnormal nucleus-cytoplasm ratio, irregular nuclear contour, unevenly distributed chromatin, abnormal or multiple nucleoli and atypical mitoses.

V. Discussion
=============

An experiment was designed in which a derivative of the plant Plectranthus amboinicus was used intraperitoneally for the treatment of peritoneal carcinomatosis caused by Ehrlich ascites carcinoma, based on previous studies using this plant to treat this kind of tumor in its solid form [@B8]-[@B9].

With regard to the dosage of AEPa used (200 mg / kg), it should be noted that this dose was similar to that producing the highest responses observed in a previous study with the solid form of Ehrlich carcinoma, consisting of the use of a hydroalcoholic derivative of Pa injected intraperitoneally at doses of 100 and 150 mg / kg, with decreases in tumor volume of 74% and 61%, respectively, no increase in response occurring with doses greater than 200 mg / kg [@B9]..

In this study the mean total count of Ehrlich carcinoma cells in the ascites samples was 106,668.83 cells/mm3 in the treated group (G1) versus 145,318.33 cells/mm3 in the control group (G2) (p = 0.004). Thus, an objective result of response to AEPa was obtained.

With regard to the cytological features of the seven items morphologically analyzed in a standardized fashion by a highly experienced cytologist who had no prior information regarding the group of slides examined, no differences were observed between the treated and control groups.

The interpretation of this finding is paradoxical, especially when compared with objective evidence of the response in the group treated with the EAPa, such as the lower abdominal measurement, lower percentage of ascites and implants in the abdominal wall and, particularly, the Ehrlich carcinoma cell count.

It may be assumed that the cytomorphological effect of AEPa would be manifested only over periods longer than that of the present study and also that more refined methods of analysis, such as immunocytochemistry and silver staining for the evaluation of nucleolar organizer regions (AgNORs), may improve the results. The latter method makes it possible to calculate the percentage and ratio of dark and light cells, suggesting their proliferative potential, and may be of value in further studies.

In addition, the present study corroborates the antineoplastic effect of Pa and paves the way to further analysis with the fractionation of the components of this plant that have highlighted its antitumor effect.

VI. Conclusion
==============

It was found that the AEPa produced a better control of ascites and a lower tumor cell count in the ascitic fluid. There were no cytomorphological differences between the two groups. It is concluded also the AEPa produced antineoplastic effect in ascitic form of Ehrlich carcinoma.
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###### 

Descriptive statistics of ascites volume (ml) according to group

  Group              Volume of Ascites                         
  ------------------ ------------------- ------ ------- ------ -------
  **Treated (G1)**   2,58                0,35   2,45    2,30   3,20
  **Control (G2)**   12,97               5,28   11,65   7,70   20,20
  **Total**          7,77                6,49   5,45    2,30   20,20

p = 0.002

###### 

Incidence of implants in the abdominal wall

                                        Group                               
  ------------------------------------- ------------ -------- -------- ---- ---
  **Tumor implant in abdominal wall**   **Absent**   N        2        6    8
  \%                                    33,3%        100,0%   66,7%         
  **Present**                           N            4        0        4    
  \%                                    66,7%        0,0%     33,3%         
  **Total**                             N            6        6        12   
  \%                                    100,0%       100,0%   100,0%        

p = 0.051 (Fisher\'s Exact test)
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